A 2 X 3 factorial arrangement was used in each of two trials with two levels of floor space allowance (.25, .13 m2/pig) and three dietary treatments (basal, basal + 660 ppm vitamin C, basal + S5 ppm carbadox). The reduction in floor space allowance was achieved in trial 1 by doubling the number of pigs/pen from eight to 16 and in trial 2 by reducing the size of pens by half. An 18% protein starter diet was used as the basal diet. Total numbers of pigs used were 216 in trial 1 and 144 in trial 2. Pigs were weaned between 4 and 5 wk of age (7.5 kg average wt) and fed ad libitum for 28 d. Reducing floor space allowance caused a (P<.05) reduction in weight gain of weanling pigs in both trials. When the reduction of floor space allowance was done by increasing number of pigs/pen (trial 1), pigs responded with a significantly reduced feed intake with no change in efficiency of feed utilization. However, when floor space allowance was reduced by changing the size of the pen (trial 2), feed intake of pigs was not affected but efficiency of feed utilization was reduced significantly. Neither form of crowding affected vitamin C concentration in adrenal glands and weights of adrenal glands, spleen and thymus. Dietary supplementation of carbadox, but not vitamin C, produced significantly greater weight gain, feed efficiency, and spleen weight of pigs in both trials. Although there waS no interaction between crowding and dietary treatment in affecting the performance of pigs, supplemental carbadox improved the performance of crowding-stressed pigs by maintaining an adequate level of feed intake and improving feed efficiency, whether crowding was caused by increased pig density or by reduced pen size. No significant differences in phytohemagglutinin (PHA) skin test response or in the neutrophil-toqymphocyte ratio (N/L) were observed among treatments in trial 1, while a significantly reduced response to PHA and a higher N/L were detected in crowding-stressed pigs in trial 2.
Introduction
Dietary vitamin C supplementation prevents the postweaning decline of plasma vitamin C concentration Pond, 1981, 1984) and occasionally improves the weight gain of pigs Pond, 1981, 1984; Pettigrew et al., 1982; Mahan and Saif, 1983) . Supplementation with carbadox, a synthetic anti-microbial agent, also increased plasma vitamin C concentration after a short lag period and consistently ira-1 The authors are grateful to R. N. Lindvall, Leola Lansford and associates for animal care and feeding; to Sue Pittman, Dale Janssen, L. H. Yen and Wei Wu for technical assistance and to Sherry Hansen for stenographic work.
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Received September 2, 1986 . Accepted January 30, 1987 proved the weight gain (Yen and Pond, 1984) . In mice, crowding resulted in a decrease of vitamin C level in adrenal glands (Bronson and Eleftheriou, 1963; Zbiegieni, 1979) . Crowding also reduced the weight gain of weanling pigs (Lindvall, 1981 ; NCR-89 Committee on Confinement Management of Swine, 1984) . However, the effect of crowding on vitamin C concentrations in plasma and adrenal glands in weanling pigs is unknown. Stress has been generally accepted to affect the immune function of the animals (Kelley, 1985) , while vitamin C supplementation has been shown to be associated with enhanced immunocompetence in human studies (Anderson et al., 1980) .
The objectives of the present study were to determine the effects of crowding on weight gain, feed intake, efficiency of feed utilization, concentrations of vitamin C in plasma and adrenal glands, weights of adrenal glands, spleen 1672 J. Anim. Sci. 1987 Sci. .64:1672 Sci. -1681 and thymus, total and differential counts of leukocytes and the response to phytohemagglutinin skin test by weanling pigs, and to examine whether supplemental vitamin C or carbadox would alleviate the stress caused by crowding in weanling pigs.
Experimental Procedure
A 2 • 3 factorial arrangement with two levels of floor space allowance (.25, .13 m2/pig) and three dietary treatments (basal, basal + 660 ppm vitamin C, basal + 55 ppm carbadox) was used in each of two trials. The floor space allowance of .25 m2/pig can be considered as adequate and normal for pigs in this study because Gehlbach et al. (1966) recommended .27 m2/pig as the optimal floor space allowance for 11.5 to 18.0-kg pigs housed on a slatted floor. The reduction in floor space allowance from .25 to .13 m2/pig was achieved in trial 1 by doubling the number of pigs/pen from eight to 16 and in trial 2 by reducing the size of pens by half, while maintaining the same number (eight) of pigs/pen. The pens measured .9 x 2.4 m and had raised expanded-metal floors. Each pen was equipped with an automatic nipple waterer and a five-hole feeder measuring .73 m in length.
The pigs were housed in a temperaturecontrolled nursery at 21 C. An 18% protein starter diet was used as the basal diet (table 1) . Each of the three diets was self-fed to three pens of pigs in each trial. Total number of pigs used were 216 in trial 1 and 144 in trial 2. The pigs were Chester White • Landrace • Large White • Yorkshire crossbred. They were weaned between 4 and 5 wk of age, moved immediately to the nursery, stratified by sex and weight and, within strata, assigned randomly to treatment. Pig weights and feed consumption were recorded weekly for 4 wk. Heparinized blood samples were taken from the anterior vena cava of all pigs in replicates 2 and 3 of both trials at the outset of the test and then weekly. White blood cell count was determined in whole blood using a Royco Model 920A Cell-Crit system 3. Blood film was prepared, stained and examined for identifying different leukocytes as described by Coles (1974) . Plasma was assayed for vitamin C a Royco Instrument, Inc., 141 Jefferson Drive, Menlo Park, CA 94025. CSupplied 868 mg choline/kg of diet.
concentration as described previously Pond, 1981, 1984) . On d 29 of the test, four gilts from replicate 2 of each treatment were exsanguinated by severing the abdominal aorta after stunning by a captive bolt gun. Adrenal glands were removed immediately, kept on ice, trimmed, blotted dry and weighed. They were then minced, placed in 50-ml centrifuge tubes, and homogenized with 19 volumes (v/w) of ice-cold 5% trichloroacetic acid (TEA) solution. The homogenate was centrifuged at 4 C at 1,500 x g for 10 min. The supernatant was removed, diluted with 5% TeA (1 to 6 dilution) and assayed for vitamin C concentration.. Thymus and spleen were removed and weighed. Because pigs were exsanguinated by severing the abdominal aorta, no damage and little blood stain occurred to the neck and thoracic cavity of the animal and almost every part of the thymus could be identified and removed for weighing. On d 28 of the test, all pigs in replicate 3 of trial 2 and eight pigs in replicate 3 of each treatment in trial 1 were used for phytohemagglutinin (PAH) skin test (Blecha et al., 1983) . A dose of 500/~g of PHA in .1 ml of sterile saline solution was injected intradermally into the center of a 2.5-cm 2 area in the right abdominal region. Another similarly sized area in the left abdominal region and 5 cm apart from the right one was injected with plain sterile saline as the control. A slide caliper was used to measure the thickness of the double skin fold in both areas before, and again 24 h after intradermal injection.
The data were analyzed with the General Linear Models proceudre of SAS (1982) to determine the main effects and interaction of floor space allowance and dietary treatment. Pens were used as experimental units for determining average daily gain, daily feed and feed efficiency; individual pig data were used for vitamin C concentrations in plasma and adrenals, weights of adrenals, spleen and thymus, total and differential counts of leukocytes, neutrophil-to-lymphocyte ratio (N/L) and PHA skin tests. Duncan's new multiple range test was used to compare the main effect means of dietary treatments. All references to statistical significance pertain to a probability level of 5%.
Results and Discussion
Trial 1. The effects of dietary supplementation of vitamin C or carbadox on cumulative performance of weanling pigs subjected to crowding are summarized in table 2. Crowding by increasing number of pigs/pen from 8 to 16, and thus reducing floor space allowance from .25 to .13 m2/pig, did not significantly affect cumulative average daily gain of pigs up to d 14 of the test. However, when measured on d 28 of the test, crowded pigs had significantly lower daily gain than those not subjected to crowding. The crowded pigs had a significantly lower average daily feed intake when measured on d 14 and 28 than did the noncrowded pigs. Nevertheless, there was no significant difference in gain-to-feed ratio between crowded and noncrowded pigs. These results are in agreement with those reported by Lindvall (1981) , who crowded weanling pigs by increasing the number of pigs/pen from 8 to 12 or 16, and thus reduced floor space allowance from .25 to .17 or .13 m2/pig. A cooperative study (NCR-89 Committee on Confinement Management of Swine, 1984) , also showed reduced weight gain and feed intake in weanling pigs when floor space allowance was reduced from .23 to .14 m2/pig. Unlike the present trial, however, the NCR-89 study showed a reduced efficiency of feed utilization in crowded pigs on d 28 of test.
Dietary supplementation with carbadox, but not vitamin C, significantly improved daily weight gain and gain/feed of pigs through the entire test period and increased significantly daily feed intake of pigs when measured on d 28. These dietary effects agree with our previous report (Yen and Pond, 1984) . Failure of supplemental vitamin C to relieve crowding stress was also reported by Partridge and Brown (1971) . Improved weight gain, feed intake and efficiency of feed utilization in weanling pigs fed a combination of chlortetracycline, sulfamethazine and penicillin (ASP-250) also had been reported by NCR-89 on Confinement Management of Swine (1984) . Although there was no interaction between dietary treatment and crowding in affecting the performance of pigs, carbadox supplementation enabled crowding-stressed pigs to obtain levels of feed intake similar to those of noncrowded pigs fed the basal diet and to achieve weight gains and efficiency of feed utilization similar to, or better than, noncrowded basal diet-fed pigs. Similar results were observed in the NCR-89 study (1984) when ASP-250 was used.
As shown in table 2, plasma vitamin C concentration of pigs was affected significantly by dietary treatment. Vitamin C supplementation increased plasma vitamin C concentration during the entire test period. Carbadox also increased plasma vitamin C concentration. These results agree with our previous study (Yen and Pond, 1984) . Crowding the pigs by increasing animal density and reducing floor space allowance did not affect plasma vitamin C concentration. Unlike pre-slaughter transport stress that produced a depletion in adrenal vitamin C concentration in pigs (Warriss, 1979) , neither dietary supplementation nor crowding had any effect on adrenal vitamin C concentration. In contrast, increasing population density of mice caused a decrease in adrenal vitamin C concentration (Bronson and Eleftheriou, 1963; Zbiegieni, 1979) .
Crowding of weanling pigs for 29 d had no effect on the weight of adrenal glands, spleen or thymus. Westly and Kelley (1984) also observed no difference in the weight of adrenal glands or spleen between control pigs (8 wk old) and those restrained for short-term periods (2 h/d for 3 d) in confinement boxes that allowed pigs to stand, sit or lie down, but not to turn around. However, these authors found a reduction in the thymus weight in pigs subjected to the short-term restraint. Our data also are in contrast to results with mice in which increasing animal density increased adrenal weight (Bronson and Eleftheriou, 1963) . Also, elevated noise resulted in increased adrenal weights in both rabbits and rats and decreased spleen and thymus weights in rabbits (Nayfield and Besch, 1981) . Significantly greater spleen weight in pigs was produced by dietary carbadox, but not vitamin C, while dietary vitamin C, but not carbadox, resulted in significantly smaller thymus weight in pigs. These results may suggest that pigs fed carbadox were less stressed if decreased spleen weight can be used as an indicator for stress in pigs as in rabbits. However, there is no ready explanation of the effect of vitamin C on decreased thymus weight in pigs. Total and differential counts of white blood cells (WBC) and the neutrophil-to-lymphocyte ratio as influenced by crowding and dietary supplementation are presented in table 3. While increased total WBC count was observed in both rats and rabbits as a result of the stress of elevated noise (Nayfield and Besch, 1981) , in the present study crowding had no effect on total WBC count of pigs on d 14. On d 14, WBC count of carbadox-fed pigs was higher than that of vitamin C-fed pigs, which was, in turn, higher than that of pigs that received the basal diet. On d 28, there was a significant interaction of crowding and dietary treatment on the WBC count. Crowding caused the WBC count to decrease in pigs fed the basal or vitamin C diet, but to increase in those that were fed the carbadox diet.
The absolute count of segmented neutrophils was not affected by crowding or by diet on d 14. However, on d 28, crowding and dietary treatments produced a significant interaction on neutrophil count. Crowding caused the neutrophil count to decrease in pigs fed the basal or vitamin C diet, but to increase in those fed the carbadox diet. On d 14, the count of lymphocytes was significantly affected by diet, but not crowding, in a pattern similar to that of the WBC count. Thus, the dietary effect on the WBC count on d 14 appeared to be the result of the dietary influence on the lymphocytes. Dietary treatments also produced a significant effect on the lymphocyte count on d 28. A significant interaction between crowding and dietary treatment affected the lymphocyte count in a pattern similar to that of the WBC on d 28. This would suggest that the interaction which affected the WBC count on d 28 was the consequence of the change in the lymphocyte count. In chicks, stress of chronic heat and cold failed to cause a significant change in percentage of lymphocytes (Regnier and Kelley, 1981) ; however, in rats, stressful conditions due to electrical shock produced a significant lymphocytopenia (Keller et al., 1981) . Gross and Siegel (1983) suggest that the heterophil-to-lymphocyte ratio is a sensitive indicator of social stress in chicks; the higher the ratio, the greater is the stress that exists, because the count of heterophils increases and the count of lymphocytes decreases in response to the stressor. As shown in table 3, the ratio of neutrophil (which are equivalent to heterophil in chicks) to lymphocyte (N/L) of the pigs was not affected by increasing animal density on d 14 or d 28. However, on d 14 of the test, N/L was significantly affected by dietary treatments. Pigs fed the carbadox diet had a significantly lower N/L than those on the basal or vitamin C diet and, thus, may have been less stressed. Weaning stress has been shown to cause a reduction in antibody synthesis in 5-wk-old pigs immunized with sheep red blood cells 24 h before weaning (Blecha and Kelley, 1981) , or 3-wk-old pigs immunized on the day of weaning (Haye and Kornegay, 1979) . Using intradermal response to the mitogen PHA as an indicator of in vivo cellular immunity, Blecha et al. (1983) further observed a reduced intradermal response to PHA in pigs weaned at 2, 3 or 4 but not 5 wk of age. As shown in table 3, there was no significant difference in PHA skin test response among treatments, although pigs fed basal diets tended to have the smallest increase in skin fold thickness.
Trial 2. The effects of crowding pigs by reducing floor space allowance alone and of dietary supplementation with vitamin C or carbadox on the performance of weanling pigs are presented in table 4. In agreement with the results of trial 1, reducing floor space allowance caused an impaired cumulative daily weight gain of pigs during the 28-d test period. Contrary to the results of trial 1, crowding pigs by reducing floor space allowance alone did not significantly decrease daily feed intake in the present trial. As a consequence, for the 28-d test period, crowded pigs had significantly lower gain-to-feed ratio than did noncrowded pigs. These results suggest that the reduced feed intake observed in trial 1 was caused by greater animal competition for feeder space due to increased animal density rather than to reduced floor space allowance per se because only one five-hole feeder was provided in each pen. It is 
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.o" no surprise that the study by the NCR-89 Commitee on Confinement Management of Swine (1984) showed no differential influence of the method of adjusting the space allowance (changing number of pigs/pen versus changing size of pen) on the performance of weanling pigs when feeder space was controlled so that no more than 2.5 pigs shared a feeder compartment. Similar to trial 1 and in agreement with our previous study (Yen and Pond, 1984) , dietary carbadox, but not vitamin C, significantly improved weight gain and feed efficiency of pigs. No interaction between crowding and dietary treatment in affecting the performance of pigs was observed.
As shown in table 4 and in agreement with trial 1, reducing floor space allowance had no effect on vitamin C concentrations in plasma and adrenals and on weights of adrenals, spleen and thymus, with the exception of plasma vitamin C concentration at d 14, in which crowded pigs had significantly higher value than noncrowded pigs. Similar to trial 1 and in agreement with our previous study (Yen and Pond, 1984) , supplementation with vitamin C produced significantly higher plasma vitamin C concentrations. Carbadox supplementation also produced significantly higher plasma vitamin C concentration when measured at d 14 and greater spleen weight when pigs were killed after 29 d.
Total and differential counts of WBC, N/L, and response to PHA skin test of pigs are summarized in table 5. No significant main effects or interaction of crowding and dietary treatment on total WBC count of pigs were observed through the 28-d test period. In contrast to trial 1, there was a significant interaction between reducing space allowance and dietary treatment in affecting segmented neutrophils at d 14. Reducing space allowance caused the count of neutrophils to increase in pigs fed the basal diet, but to decrease in those receiving vitamin C or carbadox diets. No significant main effects or interaction between crowding and dietary treatments were observed on the count of neutrophils at d 28, or on the count of lymphocytes at d 14. However, crowding, but not dietary treatments, caused a signifi~:ant reduction in the count of lymphocytes at d 28. There also was a significant interaction between crowding and dietary treatment in N/L at d 14. The pattern of the interaction was similar to that of the interaction in affecting the count of neutrophils. This would indicate that N/L of the pigs at d 14 was primarily contributed by the change in the count of neutrophils. At d 28, N/L was significantly greater in crowded pigs than in those uncrowded. This difference in N/L was caused by a significantly decreased lymphocyte count and a nonsignificantly increased neutrophil count. In disagreement with trial 1, results of the present trial showed that reducing space allowance alone caused a reduced intradermal response to PHA as it did in weaning pigs at 2, 3 or 4 wk of age (Blecha et al., 1983) .
General Conclusions
Results from this study suggest that crowding weanling pigs by reducing floor space allowance from .25 to .13 m2/pig caused a reduction in weight gain. When the reduction of floor space allowance was done by increasing number of pigs/pen, pigs responded with a reduced feed intake due to competition for feeder space with no change in the efficiency of feed conversion. However, when floor space allowance was reduced by changing the size of pen, feed intake of pigs was not affected but feed efficiency was reduced. Neither form of crowding had an effect on vitamin C concentration in adrenal glands and weights of adrenal glands, spleen and thymus. Thus, the detrimental effect of crowding on weight gain of weanling pigs may not be related to the metabolism of vitamin C. Although there was no interaction between crowding and dietary treatment in affecting the performance of pigs, supplemental carbadox improved the performance of crowding-stressed pigs by maintaining a higher level of feed intake and improving feed efficiency, whether the crowding was caused by increased pig density or by reducing pen size. However, carbadox also increased performance of noncrowded pigs, suggesting that the carbadox effect is independent of crowding. Carbadox may lessen the response to certain stressors other than crowding in weanling pigs, because greater spleen weight was observed in pigs fed carbadox and reduced spleen weight has been observed as an indicator of stress in rabbits.
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